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[ METHOD OF FORMING A MIM 
CAPACITOR STRUCTURE ] 

Cross Reference To Related Applications 

This application is a division of application Serial No. 10/063,897 filed on May 22, 
2002 

Background of Invention 

[0001] 1 .Field of the Invention 

[0002] The present invention relates to a method of forming a metal-insulator-metal 
(MIM) capacitor structure, and more specifically, to a method of forming a MIM 
capacitor structure with a copper electrode. 

[0003] 2. Description of the Prior Art 

[0004] In semiconductor manufacturing processes, metal capacitors formed of metal- 
insulator-metal (MIM) are widely used in the design of the semiconductor devices. 
Because a MIM capacitor has low resistance and low parasitic capacitance, and has no 
problems in shifts of depletion induced voltage, MIM capacitors have become the main 
structure used for metal capacitors. It is therefore important to develop a MIM 
capacitor that comprises copper electrodes with low resistance. 

[0005] 

Please refer to Fig. 1 and Fig. 2. Fig. 1 and Fig. 2 are schematic views of forming a 
metal capacitor 26 on a semiconductor wafer 1 0 according to the prior art. As shown 
in Fig. 1 , the semiconductor wafer 10 includes a substrate (not shown), and a dielectric 
layer 1 2 positioned on the substrate. In the prior art method, a metal bottom plate, 
composed of a copper layer, is evenly formed on the surface of the dielectric layer 12. 
An insulation layer and another metal layer are then respectively deposited on the 
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surface of the metal bottom plate 14. A lithographic process is performed to define 
the patterns of a metal upper plate 1 8, and the excess portions of metal layer and 
insulation layer are removed to form the inter-metal insulator (IMI) 1 6 and the metal 
upper plate 1 8 so as to finish the formation of the metal capacitor 26. 

[0006] As shown in Fig. 2, an inter-metal dielectric (IMD) layer 20 covers the metal 

capacitor 26, and a chemical mechanical polishing (CMP) process is used to planarize 
the surface of the inter-metal dielectric layer 20. A photoresist layer (not shown) is 
coated on the surface of the inter-metal dielectric layer 20, and a lithographic process 
is performed to define the position of via holes 28. The excess portions of the 
photoresist layer are then removed, and a dry etching process is performed, using the 
residual photoresist layer as a mask. The inter-metal dielectric layer 20 that is not 
covered by the mask is removed so as to form the via holes 28. The residual 
photoresist layer is then stripped. 

[0007] A sputtering process is performed to form a metal layer (not shown) that fills the 
via holes 28. Either an etching back process or a chemical mechanical polishing (CMP) 
process is then performed to remove portions of the metal layer, so as to make a 
surface of the metal layer in the via holes 28 aligned with a surface of the inter-metal 
dielectric layer 20, forming the via plugs 22. A metal layer (not shown) is then evenly 
deposited on the surface of the inter-metal dielectric layer 20, and an etching process 
is performed to form a metal wire 24 on top of the via plugs 22. The via plugs 22 are 
used to electrically connect the metal wire 24 and the metal capacitor 26. 

[0008] However, the bottom plate 14 is composed of copper and therefore has poor 

adhesion ability to the IMI 1 6, leading to a peeling phenomenon occurred between the 
bottom plate 14 and the IMI 16. In addition, the upward diffusion and side diffusion of 
the copper ions in the bottom plate 14 respectively into the IMI 16 and the inter-metal 
dielectric layer 20 frequently occur and make the electrical performance of the metal 
capacitor 26 defective. Consequently, the product with the metal capacitor 26 formed 
by the method revealed in the prior art turns to be less competitive in the market due 
to the unreliable performance. 

Summary of Invention 
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[0009] It is therefore a primary object of the present invention to provide a method of 
forming a metal-insulator-metal (MIM) capacitor structure so as to prevent the 
diffusion of copper ions. 

[0010] According to the claimed invention, the MIM capacitor structure comprises a 

copper layer, an alloy layer, a metal oxide layer and a top pad layer. The copper layer 
is formed within a dielectric layer on a substrate, and the alloy layer is formed on the 
copper layer. The metal oxide layer is positioned on the alloy layer with the top pad 
layer formed atop the metal oxide layer. 

[001 1] It is an advantage of the present invention against the prior art that a RTO process 
is performed to form the alloy layer on the copper layer. Simultaneously, the metal 
oxide layer, having excellent adhesion ability to the alloy layer, is formed on the alloy 
layer. The peeling phenomenon occurred between the metal bottom plate 14 and the 
IMI 16 in the prior art is therefore prevented. In addition, the alloy layer and the metal 
oxide layer are employed respectively as a first and a second copper-diffusion- 
preventing barrier layers. Both the side diffusion and the upward diffusion of the 
copper ions within the copper layer are therefore prevented. Consequently, the 
electrical performance and reliability of the MIM capacitor structure are properly 
assured. 

[0012] These and other objectives of the present invention will no doubt become obvious 
to those of ordinary skill in the art after reading the following detailed description of 
the preferred embodiment, which is illustrated in the multiple figures and drawings. 

Brief Description of Drawings 

[0013] Fig.l and Fig. 2 are schematic views of forming a metal capacitor on a 
semiconductor wafer 1 0 according to the prior art. 

[0014] Fig. 3 to Fig. 7 are schematic views of forming a metal-insulator-metal (MIM) 
capacitor structure according to the present invention. 

[001 5] Fig. 8 is the schematic view of another embodiment of the MIM capacitor structure 
according to the present invention. 

Detailed Description 
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[001 6] Please refer to Fig. 3 to Fig. 7 of schematic views of forming a metal-insulator- 
metal (MIM) capacitor structure according to the present invention. As shown in Fig. 3, 
a copper layer 44 is positioned within a dielectric Iayer42 on a substrate 40. In the 
preferred embodiment of the present invention, the copper Iayer44 is a copper wire of 
a dual damascene structure (not shown). 

[001 7] As shown in Fig.4, a sputtering process is performed to form a first metal Iayer46 
on the copper Iayer44 to completely cover the copper Iayer44. A rapid thermal 
oxidation (RTO) process is then performed on the first metal layer 46 to 
simultaneously form an alloy layer 48 composed of a compound of the first metal 
layer 46 and the copper layer 44, and a metal oxide layer 50, which covers the first 
metal layer 46 and the alloy layer 48 and is employed as a capacitor dielectric layer of 
a MIM capacitor structure 56 (not shown in Fig.4) formed in subsequent processes. 
The first metal layer 46 is composed of an element with high solid solubility in 
copper, and in the preferred embodiment of the present invention, the first metal 
layer is an aluminum layer (Al) layer. So that the alloy layer 48 is composed of Al-Cu 
alloy, and the metal oxide layer 50, having a thickness ranging from 500 to 1000 
angstroms, is composed of aluminum oxide (Al O ). The alloy Iayer48 and the 
metal oxide Iayer50 are employed respectively as a first copper-diffusion-preventing 
barrier layer and a second copper-diffusion-preventing barrier layer of the copper 
Iayer44 to prevent the upward diffusion of copper ions within the copper Iayer44. 

[001 8] As shown in Fig. 5, a top pad layer 52, comprising either titanium nitride (TiN) or 
tantalum (TaN),is formed on the metal oxide layer 50 thereafter. A photoresist layer 
54 is then formed to cover portions of the top pad layer 52 directly above the copper 
layer 44. 

[0019] As shown in Fig.6, by performing a lithography process and an etching process, 
using the alloy layer 48 as a stop layer, portions of the top pad layer 52, metal oxide 
layer 50 and the first metal layer 46 are removed. Finally, the photoresist layer 54 is 
removed to form the MIM capacitor structure 56. 

[0020] Tne copper Iayer44 and the alloy Iayer48 are employed as a bottom electrode 
plate of the MIM capacitor structure 56, the metal oxide Iayer50 is employed as a 
capacitor dielectric layer of the MIM capacitor structure 56, and the top pad layer 52 is 
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employed as a top electrode plate of the MIM capacitor structure 56. In subsequent 
processes, a dielectric layer 58 is frequently formed to cover the MIM capacitor 
structure 56 with a plug 60, electrically connected to the top pad layer 52, formed 
within the dielectric layer 58 due to product requirements, as shown in Fig. 7. Another 
plug (not shown) positioned in the damascene structure (not shown) under the copper 
layer 44 is employed to electrically connect the bottom electrode plate of the MIM 
capacitor structure 56 with circuits (not shown) of the device. 

0021] Please refer to Fig. 8 of the schematic view of another embodiment of the MIM 
capacitor structure 56 according to the present invention. As shown in Fig. 8, the 
metal oxide layer 50 and the top pad layer 52 cover portions of the alloy Iayer48 and 
the copper Iayer44, and a top surface of the alloy Iayer48 is approximately aligned 
with a top surface of the dielectric Iayer42. In subsequent processes, a dielectric layer 
66 is frequently formed to cover the MIM capacitor structure 56 due to product 
requirements. A first via plug 62, electrically connected to the top pad layer 52, and a 
second via plug 64, electrically connected to portions of the alloy layer 48 not covered 
by the metal oxide layer 50, are then formed. The functions of the first metal Iayer46, 
alloy Iayer48, metal oxide Iayer50 and the top pad layer 52 in this embodiment and 
the processes for forming the same are same as the functions and processes revealed 
in preceding paragraphs, and are neglected for simplicity of description. 

[0022] In comparison with the prior art, the present invention is to form the first metal 
layer 46 on the copper layer 44, and then perform a RTO process to simultaneously 
form the alloy layer 48, self-aligned with the copper layer 44 to cover the top surface 
of the copper layer 44, and the metal oxide layer 50, having excellent adhesion ability 
to the alloy layer 48, on the alloy layer 48. The peeling phenomenon occurred 
between the metal bottom plate 14 and the IMI 16 in the prior art is therefore 
prevented. In addition, the alloy Iayer48 and the metal oxide Iayer50 are employed 
respectively as the first and the second copper-diffusion-preventing barrier layers. 
Both the side diffusion and the upward diffusion of the copper ions within the copper 
layer 44 are therefore prevented. Consequently, the electrical performance and 
reliability of the MIM capacitor structure 56 are properly assured. 

[0023] 

Those skilled in the art will readily observe that numerous modifications and 
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alterations of the device may be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as limited only by the metes 
and bound of the appended claims. 
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